for ulcerative lesions in cases where scarred edges prevent the collection of swabs.
Buruli ulcer disease (BUD), caused by Mycobacterium ulcerans, is an emerging disease predominantly affecting West and Central Africa. BUD initially presents as a painless nodule, papule, and plaque (nonulcerative lesions), evolving into a painless ulcer with characteristically undermined edges (ulcerative lesions). Scarring and contractures may cause severe functional disability (9, 11, 12) . Among the currently available diagnostic laboratory methods (microscopy, culture, PCR, and histopathology), PCR provides the highest sensitivity and is therefore regarded as the method of choice for laboratory confirmation. The WHO encourages all countries where BUD is endemic to ensure PCR confirmation of at least 50% of all cases (1, 12, 13) . With the introduction of antimycobacterial treatment, laboratory confirmation of suspect cases became a The diagnostic results for swabs, fine-needle aspirates (FNA), punch biopsy specimens (PB), and surgically excised tissue (TS) from 110 laboratory-confirmed BUD cases presenting with nonulcerative (n ϭ 37) and ulcerative (n ϭ 73) lesions from Ghana (Agogo Presbyterian Hospital, Agroyesum Hospital, Apromase Hospital, and Dunkwa Governmental Hospital) and Togo (Tsévié Regional Hospital) were analyzed. For subgroups with sample sizes of Ͻ5, the sensitivity was not calculated (NC). NA, not applicable. b The P values comparing the sensitivities of 2 tests for laboratory diagnosis of BUD (PCR and microscopic examination), stratified into 4 techniques of specimen collection (involving swabs, fine-needle aspirates ͓FNA͔, punch biopsy specimens ͓PB͔, and surgically excised tissue ͓TS͔), were as follows: for swabs, Ͻ0.01 for ulcerative lesions; for FNA, Ͻ0.01 for nonulcerative and ulcerative lesions; for PB, Ͻ0.01 for nonulcerative and ulcerative lesions; and for TS, 0.68 for ulcerative lesions. P values of Ͻ0.05 were considered significant. c The P values comparing the sensitivities of 2 out of 4 techniques of specimen collection (involving swabs, fine-needle aspirates ͓FNA͔, punch biopsy specimens ͓PB͔, and surgically excised tissue ͓TS͔), stratified into 2 tests for laboratory diagnosis of BUD (PCR and microscopic examination), are given. P values of Ͻ0.05 were considered significant ‫.)ء(‬ crucial for clinical management of the disease (6, (12) (13) (14) (15) . Swabs, punch biopsy specimens, and surgically excised tissue are suitable diagnostic samples (3, (5) (6) (7) . Recently, the WHO recommended fine-needle aspiration (FNA) as a minimally invasive method for nonulcerative lesions as well as for ulcerative lesions where scarring of edges prevents collection of swab samples (15) .
The present study retrospectively compares the sensitivities of PCR and microscopy for FNA samples, swabs, punch biopsy specimens, and surgically excised tissue.
From February 2008 until December 2008, 173 clinically suspected BUD cases from Ghana (n ϭ 112) and Togo (n ϭ 61) were included in the study. FNA was performed with 21gauge needles by transdermal aspiration. The needle was inserted into the center of the nonulcerative lesions or the subcutaneous tissue of the ulcer (the maximal distance from the margins was 1 to 2 cm) and was moved back and forth about three times in different directions under suction without withdrawal of the needle. Swabs, 3-mm punch biopsy specimens, and surgically excised tissue were taken according to standardized procedures, and all samples were stored in transport me-dia as previously described and forwarded to the laboratories (5) . In Ghana, 68 swabs, 112 FNA samples, 108 punch biopsy specimens, and 14 surgically excised tissue samples were subjected to microscopy and dry-reagent-based IS2404 PCR at the Kumasi Centre for Collaborative Research in Tropical Medicine, Kumasi (5, 10) . The samples from Togo (43 swabs, 61 FNA samples, 45 punch biopsy specimens, and 7 surgically excised tissue samples) were analyzed at the Centre National de Référence et de Traitement d'Ulcère de Buruli, Tsévié (microscopy), and the Department of Infectious Diseases and Tropical Medicine, University of Munich, Germany (IS2404 standard PCR), in accordance with standardized procedures (5, 10) .
One hundred ten suspects (63.6%) with 37 (33.6%) nonulcerative lesions and 73 (66.4%) ulcerative lesions were confirmed by at least one positive test result. The categories of the lesions according to the WHO definitions were known for 107 of these cases (12) Among the 37 nonulcerative cases, the sensitivities of PCR, defined as the number of positive test results divided by the 1) . Among the 73 ulcerative cases, the sensitivities of PCR were 75.0% (51/68) for swabs, 55.6% (40/72) for FNA samples, 66.2% (43/65) for punch biopsy specimens, and 30.0% (3/10) for surgically excised tissue. The sensitivities of microscopy were 46.4% (32/69) for swabs, 22.2% (16/72) for FNA samples, 37.5% (18/48) for punch biopsy specimens, and 20.0% (1/5) for surgically excised tissue. For both tests, the sensitivities for FNA samples were significantly lower than the sensitivities for swabs (P PCR ϭ 0.02; P microscopy Ͻ0.01) but not significantly different from the sensitivities for punch biopsy specimens (P PCR , 0.20, and P microscopy , 0.07) or surgically excised tissue (P PCR , 0.13, and P microscopy , 0.91) ( Table 1) .
There was no significant correlation between category of lesion and sensitivity of PCR and microscopy for swabs, FNA samples, and punch biopsy specimens (P PCR-swab , 0.25; P PCR-FNA , 0.48; P PCR-punch , 0.15; P microscopy-swab , 0.23; P microscopy-FNA , 0.55; and P microscopy-punch , 0.06). As shown in Fig. 1a and b , for 79 cases without previous antimycobacterial treatment, sensitivity of PCR was not associated with duration of disease (R 2 PCR-swab [coefficient of determination], 0.42; R 2 PCR-FNA , Ͻ0.01; and R 2 PCR-punch , 0.09); however, a negative trend was noted for microscopy (R 2 microscopy-swab , 0.63; R 2 microscopy-FNA , 0.77; and R 2 microscopy-punch , 0.99). Also, after stratification into nonulcerative and ulcerative lesions, no correlation between test sensitivity and the independent variables involving category of lesion and duration of disease was found (data not shown). For 69 ulcerative lesions (44 untreated and 25 treated for Ն28 days), sensitivity of PCR and microscopy for swabs, FNA samples, and punch biopsy specimens were not significantly correlated with duration of treatment (P PCR-swab , 0.42; P PCR-FNA , 0.16; P PCR-punch , 0.40; P microscopy-swab , 0.28; P microscopy-FNA , 0.29; P microscopy-punch , 0.07).
In the past, punch biopsy specimens were considered suitable diagnostic samples for laboratory confirmation of BUD (5, 7) . However, due to the invasive character of the sample collection method, a consensus has been reached that in the interest of the patient, the method should be restricted to special diagnostic questions (e.g., differential diagnosis or identification of failure and recurrent cases) and that other methods should be applied for routine laboratory confirmation. Our findings regarding PCR assessment of FNA from nonulcerative lesions are in line with three recent studies from Ghana (8) and Benin (2, 4) . All groups report sensitivities around 90%, which equals the sensitivity for punch biopsy specimens according to our data and the findings of Eddyani et al. (4) . We also determined equal sensitivities for microscopy of FNA samples (corresponding to 65%, as reported by Eddyani et al. [4] ) and punch biopsy specimens from nonulcerative lesions. For ulcerative lesions, available data, including our own, suggest that for both diagnostic tests, swabs are clearly superior to tissue samples (2) and that there are no significant differences in sensitivity between the use of FNA samples and that of punch biopsy specimens (4, 8) .
In conclusion, FNA can replace punch biopsies for nonulcerative lesions and may serve as an alternative for ulcerative lesions in cases where scarred edges prevent the collection of swabs.
So far, only two studies report data on the sensitivity of FNA cultures, with values ranging from 10 to 44% (4, 8) . As certain diagnostic questions still require assessment of cultures, further studies are needed to resolve the issue if FNA can be considered adequate diagnostic samples for culturing as well.
